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We report preliminary experiments on a new, sensitive, and reliable procedure for enzyme immunoaSsay of various antigens in biological fluids. The method, developed from the biological model "hepatitis B surface-antigen/antibodies," is less time consuming than most immunochemical techniques and eliminates many inconveniences arising from use of isotopes. We use a solid-phase "sandwich" procedure, the antibodies being immobilized on gelatin membranes, and determine antigen concentration with the help of an iodide-sensitive electrode modified by fixing the active membrane onto the crystal sensor. We have established the analytical criteria of the method and compared it with the solid-phase radioimmu- munoassay and enzyme immunoassay are the most sensitive. Enzyme immunoassay techniques are extensively described and thoroughly discussed in many recent general reviews (1, 2) . Since the introduction of immunosorbents (3, 4) , many solid-phase immunoassays have been described (5) , aimed at obtaining optimum results with enzyme-linked immunosorbent assays (ELIsA), but for a long time little attention was given to protein supports.
Recently, however, proteic membranes were used by several authors for the immobilization of enzymes by co-reticulation with inert proteins (6, 7). We previously described the fixation of immunoglobulins on a gelatin membrane (8) and introduced an original EIA technique for determination of hepatitis B surface antigen (HB8Ag) in biological fluids (9) . After preparing specific antibodies from antisera obtained in the rabbit according to a procedure recently described (8), we studied the impobilization of anti-HB8Ag antibodies on different proteic membranes and developed a new method using an iodide-sensitive electrode, modified by fixation of the antibody membrane onto the crystal sensor. The EIA was realized according to the "sandwich" procedure by using antibodies labeled with horseradish peroxidase (EC 1.11.1.7). The enzymatic activity of the membrane was detected by the electrode in the presence of the substrate (H202) and of potassium iodide, as proposed by Nagy et al. (10) for the estimation of glucose in blood.
We also studied the effects of different variables such as incubation time, temperature, and pH on the formation of the antigen-antibody complex and on the potentiometric kinetics 
Hepatitis B surface antigen.
HBAg was isolated and purified from human positive sera in our laboratory by a simple Antibodies to HB5Ag. Anti-HBAg antibodies were prepared and purified by preparative electrophoresis, followed by chromatography on DEAE-cellulose according to the procedure described by Boitieux et al. (8) .
Preparation of horseradish peroxidase antibodies conjugates.
Horseradish peroxidase was linked to rabbit antiHB8Ag gamma-globulins according to the procedure of Nakane et al. (12) . The conjugates obtained were isolated by chromatography on Sephadex G-200. On the basis of the reading at 403 nm the total peroxidase-IgG mixture and of the pooled material represented by the peak of peroxidaselabeled IgG, the amount of peroxidase bound to IgG was calculated; it appears that two to three molecules of oxidized peroxidase can attach to one IgG molecule.
Immobilization of antibodies on the artificial membranes.
The general procedure used to prepare an actie membrane and to fix the specific antibodies was as previously described (8) . This antibody membrane is conserved in 20 mmol/L sodium phosphate buffer, pH 6.8, in the presence of 1 g/L gentamicin solution at 4 #{176}C. The membrane was next incubated for 2 h in 1 mL of a solution containing 100 g of peroxidase-labeled IgG, according to the "sandwich" principle.
After incubation, the membrane was washed with sodium phosphate buffer (0.1 molfL, pH 5.0) and fixed onto the active surface of the iodide-sensitive electrode, being kept in position by a rubber ring. The enzymatic activity is evaluated in the presence of hydrogen peroxide and iodides, under optimal conditions as described below, the electrode potential being a function of the antigen concentration in the biological fluid. The variation of the electrode potential after 1 mm will be proportional to the enzymatic activity, and subsequently to HBAg concentration, expressed in micrograms per liter.
We determined the limit of saturation of the antibody membrane by the antigen by using concentrated solutions of HB8Ag submitted to dilution series, which gives the maximal enzymatic activity of the membrane after realization of the "sandwich" procedure.
Results and Discussion
We first established the optimal conditions for detection of the enzymatic activity, studying the main factors affecting the sensitivity of the assay. Figure 2A shows the role of incubation time during the first incubation of the antibody membrane with the surface antigen. The duration was varied from 5 to 60 mm while the second incubation with HRP-labeled antibodies was maintained constant at 6 h.
Effect of duration of incubation.
This experiment was performed with a 4 sg/L solution of HB5Ag (subtype ad). We observed an increase in binding of the antigen to the active membrane for 60 mm.
In the second experiment, the first incubation time was constant (60 mm), and the second was varied from 1 to 9 h ( Figure 2B ). In these conditions we selected incubation periods of 30 mm for the first incubation and 2 h for the second.
Temperature

dependence.
We studied the variations in potential differences between reference and sensitive electrodes with respect to temperature, varying temperature from 10 to 40 #{176}C (Figure 3 ) and observed a maximal activity at 27
OC.
This temperature dependence corresponds to the temperature-dependent rate of the peroxidase-catalyzed reaction, limited by enzyme denaturation.
pH dependence.
The pH dependence of the reaction rate was studied at 27 #{176}C between pH 4.5 and pH 7.0 for free peroxidase in aqueous solution (final concentration, 4 g/L) in the presence of potassium iodide, hydrogen peroxide, and dimethoxybenzidine, in final concentrations corresponding, respectively, to 0.1 mmol/L, 4.4 mmol/L and 50 mg/L. The optimum pH for peroxidase in solution is pH 6.5, but for the antibody-bound enzyme the reaction rate vs. pH shows a pH optimum at 5.0. A possible explanation for this pH shift may be the presence of ionizable groups borne by proteins, H+ ions being necessary to dimethoxybenzidine activity and increasing the peroxidase reaction rate.
Effect of H202 concentration.
The activities of free peroxidase and horseradish peroxidase to IgG were studied as a function of substrate concentrations. After potentiometric determination of the enzymatic kinetics, we established that horseradish peroxidase fixation to IgG and, indirectly, to membranes, did not significantly modify the Km of the peroxidase (Figure 4 
Analytical Criteria and Preliminary Results
The limit of sensitivity of the method is near 0.5 g/L.
The working curve obtained for the assays is perfectly linear between 0.5 and 50 rg/L. The calibration points were determined with 10 separate sets of assays of the same sample. The reproducibility is satisfactory, the coefficient of variation varying from 15 to 20% in the linear part of the curve.
An unknown sample of HB5Ag positive serum (subtype ad) was analyzed by the present procedure and by radioimmunoassay with good agreement. Thirty-five different measurements of HB,Ag subtype ad, performed with the same serum by the described method, gave a mean value of 85.0 ± 14.2 ig/L and by radioimmunoassay 100 g/L. For similar concentrations the relative error will not exceed 16%.
These results are encouraging, because the limit of sensitivity found by Wolters et al. (13) with enzyme immunoassay technique was at least 10.5 jsg/L for subtype ad and at least 2.4 g/L for subtype ay, whereas for Gerlich et al. (14) , using an RIA procedure, the limits were 3 to 4 1zg/L for ad and 5 to 10 ,zg/L for ay.
Specificity has not yet been studied because of the difficulty of obtaining pure antigen from the standard samples. Nevertheless, the use of immunodiffusion methods revealed the good specificity of the anti-HB9Ag antibodies.
From these preliminary experiments on the antibody electrode device, we believe that this new enzyme immunoassay technique compares well with radioimmunoassay procedures.
The advantages over the latter are evident: it is less time consuming, more practicable, more sensitive; it requires only small amounts of antibodies and no purified antigen; and it eliminates most nonspecifically interfering factors, which is not the casewith spectrophotometric determinations.
This type of enzyme immunoassay should be extended to the assay of antibodies, antigens, or haptens, after linkage to horseradish peroxidase, and might be used on a large scale in medical laboratories.
